TDDI16 — Forelasning 2

Abstrakta datatyper, linjara strukturer
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TDDI16 — Forelasning 2 Filip Stromback

Vad aren ADT?

® Beskriver vad en datatyp kan goéra...
® __.men inte hur den ar implementerad
® Mycket likt publika delar av klassdefinitioner i C4++

Exempel fran kursen:

® |ista

® Stack

® Kb
Symboltabell
Graf
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TDDI16 — Forelasning 2 Filip Stromback

ADT lista

En ordnad sekvens av element. Har foljande operationer:

size() Langden pa listan
empty() Ar listan tom?
elemAt(i) Hamta element pa specifik plats
append(x) Lagg till element sist i listan
it Nagon form av iterator
insert(it, x) Lagg till element pd godtycklig plats
remove(it) Ta bort ett visst element

Det finns (minst) tva implementationer av detta i C++:
vector och list
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TDDI16 — Forelasning 2 Filip Stromback

Lankad lista (lik std::1list, std::forward_list)

Idé: Lagg element lite var som helst, spara pekare till
nasta element bredvid

e e
count | 4 ’4'4—*’3%

Komplexitet:

begin

elemAt(i) 7 Notera:
append(x) 7 std::1list ar dubbellankad
insert(it, x) 7 std: :forward_list har bara begin
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TDDI16 — Forelasning 2 Filip Stromback

Lankad lista — elemAt

void elemAt (int i) {
Node *at = begin;
for (int x = 0; x < i; x++)
at = at->next;
return at;

}
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TDDI16 — Forelasning 2 Filip Stromback
Lankad lista — append

void append(T x) {
Node *n = new Node();
n->value = x;
n->next = null;

if (end) {
end->next = n;
end = n;

} else {
begin = end = n;

}
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Lankad lista — insert

Notera: Satter in efter element i, inte innan.

void insert(Node *i, T x) {

Node *n = new Node();
n->value = x;

n->next = i->next;
i->next = n;

// div. specialfall
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Lankad lista (lik std::1list, std::forward_list)

Idé: Lagg element lite var som helst, spara pekare till
nasta element bredvid

vegin | {1 2]

end | —

count | 4 m 3 M

Komplexitet:
elemAt(i) O(n)
append(x) O(1)

insert(it, x) O(1)
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Arrayimplementation

Idé: Lagg elementen efter varandra i minnet

data| +—{1[2[3|4]5]6]

count | 6
Komplexitet:
elemAt(i) 7

append(x) 7
insert(it, x) 7
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Arrayimplementation — elemAt

T elemAt (int i) {
return datalil;

}
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Arrayimplementation — append

void append(T x) {
T *new_data = new T[count + 1];
for (int i = 0; i < count; i++)
new_datal[i] = datalil;

new_data[count]
delete []data;
data = new_data;
count++;

X5
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TDDI16 — Forelasning 2 Filip Stromback 14

Arrayimplementation — insert

void insert(int pos, T x) {
T *new_data = new T[count + 1];
for (int i = 0; i < pos; i++)
new_datal[i] = datal[i];

new_data[pos] = x;

for (int i = pos; i < count; i++)
new_datal[i + 1] = datali];

delete [Jdata;

data = new_data; count++;

LINKOPING
II.“ UNIVERSITY



TDDI16 — Forelasning 2

Arrayimplementatio

Filip Stromback

n — komplexitet

data| —

S nRnnnn

count| 6

Komplexitet:
elemAt(i) O(1)
append(x) O(n)

insert(it, x) O(n)

Inte jattebra...
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TDDI16 — Forelasning 2 Filip Stromback

Battre arrayimplementation — std: :vector

Idé: Allokera lite mer minne an vad vi behover!

|

data| +—(1[2]3]4]5]6| | | |

count| 6

capacity | 10

Komplexitet:
elemAt(i) O(1)
append(x) 7

insert(it, x) 7

LINKOPING
II.“ UNIVERSITY



TDDI16 — Forelasning 2 Filip Stromback

Battre arrayimplementation — append

void append(T x) {
if (count >= capacity)
grow () ;

datal[count] = x;
count++;

}

18
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TDDI16 — Forelasning 2 Filip Stromback 19

Battre arrayimplementation — insert

void imsert(int pos, T x) {
if (count >= capacity)
grow () ;

for (int i = count - 1; i >= pos; i--)
datal[i + 1] = datal[il;

data[pos] = x;
count++;

}
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Filip Stromback

20
Battre arrayimplementation — grow

void grow() {

int new_capacity
T *new_data

2 * capacity;
= new T[new_capacity];
for (int i

0; i < capacity; i++)
new_datal[i] = datal[il;
data new_data;
capacity new_capacity;
}
LINKOPING
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Filip Stromback

Battre arrayimplementation — std: :vector

Idé: Allokera lite mer minne an vad vi behover!

data| 1|2 [3[4]5[6] [ |

|

|

count| 6

capacity | 10

Komplexitet:
elemAt(i) O(1)
append(x) O(n)

insert(it, x) O(n)

Hmmm...

inte battre...
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TDDI16 — Forelasning 2 Filip Stromback 23

Ordo, Theta och Omega

Vi kan vara annu mer specifika:

e f € O(g): f vaxer inte snabbare an g
o fecQg): f vaxer inte langsammare in g
® fcO(g): f vaxer lika snabbt som g

Dessa fungerar ungefar som >, < och =. Vi kan
exempelvis saga att:

f€0(9),f ey < feb(g)

Tank: f<g,f>9 < f=g
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Ytterligare granser

* f€0(g) tank "f < g"

* feQg) tank "f > g"
feQg) < g€ O(f)

® fcO(g), tank "f =~ g"

fe0(g) <= fe0(g),g€Qf)
< fe€0(g9),9€0(f)

24
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Relationer

25
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Relationer

Filip Stromback
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Relationer
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Relationer

25
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TDDI16 — Forelasning 2 Filip Stromback

Basta- och varstafallsanalys

Vad &r tidskomplexiteten for append?

® O(n) ar korrekt, men siger det hela sanningen?

® Manga ganger gar det snabbare, hur vet vi det?

26
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TDDI16 — Forelasning 2 Filip Stromback

Basta- och varstafallsanalys

Vad &r tidskomplexiteten for append?

® O(n) ar korrekt, men siger det hela sanningen?

® Manga ganger gar det snabbare, hur vet vi det?
Separat analys av basta och vérsta fallen:

® Bista fallet: ©(1)
e Virsta fallet: O(n)

26
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TDDI16 — Forelasning 2 Filip Stromback
Exempel

Basta fall: ©(n), varsta fall: ©(n?)

27

| G)(nQ) |

LINKOPING
II.“ UNIVERSITY



TDDI16 — Forelasning 2 Filip Stromback
Exempel

Basta fall: ©(n), varsta fall: ©(n?)

Totalt: O(n?)

27
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TDDI16 — Forelasning 2 Filip Stromback
Exempel

Basta fall: ©(n), varsta fall: ©(n?)
e(n%)"

Totalt: Q(n)

27
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TDDI16 — Forelasning 2 Filip Stromback

append-funktionen

Basta fall: O(1)
Varsta fall: O(n)
Sammantaget: O(n), Q(1)

Alla stammer. Vilka ar mest anvandbara?

Kan vi sdga nagot mer?

28
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TDDI16 — Forelasning 2 Filip Stromback

Vi testar!

void insert(int n) {
vector<int> x;

for (int i = 0; i < n;
x.push_back(i);

Total komplexitet?

i++)

29
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TDDI16 — Forelasning 2

Vi testar!

void insert(int n) {
vector<int> x;

Filip Stromback

for (int i = 0; i < n; i++)

x.push_back(i);

Total komplexitet? O(n?)?

29
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TDDI16 — Forelasning 2 Filip Stromback 30

Vi testar! 100 000 korningar per indata

1000

800 |- .

600

Tid (ms)

400

200

| | | | | | |
20 40 60 80 100 120 140 160 180 200

0

Varde pa n
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TDDI16 — Forelasning 2 Filip Stromback 30

Vi testar! 100 000 korningar per indata
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Vi testar! 100 000 korningar per indata
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TDDI16 — Forelasning 2 Filip Stromback 30

Vi testar! 100 000 korningar per indata

1000 \ \ \ 7 a
——vector !
800 |-|— 1list
~ - om?)
2] [
£ 600
°
= 400
200 /Komplexneten var-ju O (77%))1772 i
.-~ --"Vad har vi mlssat7
0 {ozLC= - ! ! ! !
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TDDI16 — Forelasning 2 Filip Stromback

Medelfallsanalys, amorterad analys

Idé: Vi undersoker medelfallet av kortiden hos en algoritm!

® Antag att algoritmen kors n ganger i foljd
® Beradkna den totala komplexiteten for kérningarna

® Dela uttrycket pd n for att f& medelfallet, eller den
amorterade komplexiteten

31
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TDDI16 — Forelasning 2 Filip Stromback 32

Amorterad analys av append

Kostnad

1+1

1]2]3] | 241
(1[2]3]4] 1
1f2fsfafs] | [ | an
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TDDI16 — Forelasning 2 Filip Stromback 32

Amorterad analys av append

Idé: Lat oss ha en "skuld” Kostnad Betala Skuld

1 1 0
1+1 2 0

1]2]3] | 2+1 2 1
1]2]3]4] 1 2 0
1]2]3]4]s] | | | 4+1 2 3
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TDDI16 — Forelasning 2 Filip Stromback 32

Amorterad analys av append

1]2]3]4]s] | | | 4+1 2 3
1]2]3]4]s5]6] | | 1 2 2
1]2]3]4]s]6]|7]| | 1 2 1
1]2]3]4]s5]6]7]8] 1 2 0
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Mer formell analys av append

O(l+1+-+1 41424448+ --+n)=

insattning, n génger kopiering, logy(n) ganger
O n 4 21+log2(n) _ 1 —
( ~— N )

forenklat  férenkling av summan, tank binart
On+2n—-1)=0(n)
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TDDI16 — Forelasning 2 Filip Stromback

append-funktionen
Basta fall:  ©(1)

Virsta fall:  O(n)
Medelfall:  ©(1)

Nar kan vi anvanda medelfallet?
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TDDI16 — Forelasning 2 Filip Stromback

Nar kan vi anvanda medelfallet?

A:

void insert(int n) {
vector<int> x;

for (int i = 0; i < n; i++)
x.push_back(i);

LINKOPING
II.“ UNIVERSITY



TDDI16 — Forelasning 2 Filip Stromback

Nar kan vi anvanda medelfallet?

B:

void f(vector<int> &data) {
int sum = 0;
for (int i = 1; i < data.size();
sum += datal[i];
}
data.push_back (sum);
}

i

*x= 2)

{

35
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Nar kan vi anvanda medelfallet?

C:

void f(vector<int> &data) {
int sum = 0;
for (int i = data.size() -
sum += datal[i];
data.push_back(sum);
}

1;

i

>

0;

i--) Ao

35
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TDDI16 — Forelasning 2 Filip Stromback

Battre arrayimplementation — std: :vector

Idé: Allokera lite mer minne an vad vi behover!

|

data| +—(1[2]3]4]5]6| | | |

count| 6

capacity | 10

Komplexitet:
elemAt(i) ©(1)
append(x) ©(1) (amorterad)
insert(it, x) O(n)
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Vi testar iteration! 100 000 korningar per indata

300
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Varde pa n
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TDDI16 — Forelasning 2 Filip Stromback 38

Vi testar iteration! 100 000 korningar per indata

300 I
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39
Vi testar insert! 10 000 korningar per indata
400 |- 8
m
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| | | |
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Vi testar insert! 10 000 korningar per indata

39

I
——vector
400 |— 1list =
o
E
o
= 200 |+ =
| | | |
200 400 600 800

Varde pa n
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TDDI16 — Forelasning 2 Filip Stromback

Ar vector eller 1ist bast?

® Modern hardvara ar valdigt bra pa linjar dtkomst i
minnet.

® vector vinner oftast...

e _ férutom da insittning i stora listor forekommer
ofta, och iteration forekommer sallan

40
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ADT lista

elemAt
append
insert

Lankad lista
O(n)
o(1)
o(1)

Filip Stromback

Dynamiskt array
o)

©(1) (amorterad)
O(n)

| vilka fall ska vi anvanda en lankad lista?

| vilka fall ska vi anvanda ett dynamiskt array?

42
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TDDI16 — Forelasning 2 Filip Stromback
| kursen framover

® Forelasningar i nasta vecka

= ADT stack, ko, prioritetskd, symboltabell
»  Trad (soktrad, balanserade soktrad)
o Uppgifter i Kattis

= textureanalysis (enkel)
Hitta monster i en textur.

» primesieve (svarare)
Hitta primtal. Tank noga pa vilken komplexitet er
[6sning kan ha for att komma under tidsgransen.

43
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